strongly oriented in offering a negative representation of genetically modified organisms. Exposure to scary images could be a factor that affects the negative perception of GMOs in Italy.
Introduction

GMO and public acceptance
Genetically modified organisms have recently become one of the most controversial "science and society" issue, the center of a debate that divides scientific community and public opinion in the European Union.
In 2004 the Italian Academy of Science, together with 15 scientific societies published a consensus document in support of the safety of GMOs 1 . Recently, more than twenty of Europe's most prominent plant scientists signed a joint letter warning that Europe may lose its research lead unless plant science is adequately funded, GM plant varieties that have been found safe are allowed and field trials are protected from vandalism 2 .
European population express an extremely opposite attitude toward GMO. The 2010 Eurobarometer on life science and biotechnology reveals an overall suspicion of GM foods amongst the public. The 61%
of Europeans agree that GM food makes them feel uneasy and a higher proportion (70%), think that GM food is fundamentally unnatural. A recent meta-analysis of 70 studies (Frewer et al., 2013) confirms that European consumers have more negative perception, attitudes and intention to purchase GM food compared to North Americans. Moreover, consumer resistance is a key barrier to the diffusion of genetically modified foods.
In the economics literature many studies investigate the factors that drive public resistance. Costa-Font et al. (2008) model consumers acceptance of GMOs as a complex decision-making process that includes individual attitudes, knowledge of product and process and perceptions of risk/benefit associated with GM food.
Individual attitudes comprehend socio-demographic and cultural factors. Many studies suggest that differences in cultural sensitivities are one of the main explanation for the differing levels of resistance to biotechnology (Gaskell et al., 1999; Heiman et al., 2000; Moon and Balasubramanian, 2004; Han and Harrison, 2007) .
Another aspect that influence GMO acceptance is the perception of risks, mainly related to health and environmental concerns. Frewer et al. (1998) suggests that individual behaviors are driven by perceptions or beliefs about risks rather than the technical risks estimates provided by experts. For Gaskell et al. (2004) the skeptical position derives from the absence of perceived benefits, that acts as predominant attribute, while risks appear to be less relevant. It follows that GM food fails to meet the key criterion of an innovation, the improvement of the status quo. Still, Costa-Font and Mossialos (2007) states the existence of simultaneity and endogeneity of risk and benefit perception: those individuals that are likely to identify high risks with regard to GM food might be those who also identify lower benefits. Savadori et al. (2004) comparing risk perception of biotechnology application among public (non-expert) and expert samples, found that public perceived all biotechnology application as more risky.
The role of media
Similar studies empirically show a direct association between knowledge of GM technology and support to GM foods (Magnusson and Koivisto Hursti, 2002; Malyska et al. 2014) . It follows that knowledge plays a crucial role in public acceptance and some authors call for an increase in information in order to "fill the gap". However, in the case of GMO, an extensive literature affirms that providing more information do not always corresponds in improved consumers' GM knowledge and acceptance. This is mainly due to the presence of a media bias in risk amplification (Frewer et al., 2002; Scholderer and Frewer, 2003; Vilella-Vila and Costa-Font, 2008) . Furthermore, McCluskey and Swinnen (2004) argue that "Bad News Hypotesis" is mainly driven by the demand of the audience rather than by inherent preferences of the media itself, as consumer tends to consume more bad news stories than good news stories. In confirmation of this results, Curtis et al. (2008) prove that a reduced consumption of biotechnology information, as in Lesser Developed Countries, contributes to lower risk perceptions among consumers.
Visual communication
Nevertheless, the majority of the studies that deals with the role of media in GMO-related issues focus on the analysis of written communication. They considered the trend of newspaper coverage, in terms of number of articles, as in Kalaitzandonakes et al. (2004) , Marks et al. (2007) , Lewison (2007) and Vilella-Vila and Costa Font (2008) , a content analysis based on keywords (Marks et al., 2003; Crawley, 2007) or the comparison between scientific literature and popular magazines contents (Mcinerney et al., 2004) . Differently, visual communication concerning GMOs have been less investigated. The use of images as communication tools is validated by the "picture superiority effect" theory, first proposed by Paivio & Csapo (1973) and Nelson et al. (1976) . Apart from the discussion of the cognitive processes that explain the theory, empirical findings simply states that pictures are better remembered than words. This approach is widely used in marketing (Childers and Houston, 1984; Houston et al., 1987; McQuarrie and Mick, 2003; Pieters and Wedel, 2004) , whereas, to the best of our knowledge, this is the first work that shows its application in relation to risk communication and public acceptance of GMO.
This paper aims at gaining insight into the visual communication to which Italian population is exposed about GMOs, in order to investigate if images could have contributed to shape a negative public perception.
Methods
In one of the first phases of the study we needed to choose which media to cover, and the selection of the Google search engine derives from multiple reasons: above all, recently web searches have become one of the main tools in seeking for information. A recent survey (FullPlan, 2013) reveals that in Italy the 68% of population use a search engine more than once a day, and that one of the principal purpose of searches is to increase knowledge about something seen/read/heard in others communication mediums (TV, radio, social networks). Moreover the report disclose that, among the various services that search engines have started to offer in the last years (i.e. images, maps, news, shopping ) within search results pages , the 56% of Italians click on images. This data suggest that web images are frequently used as ancillary tools to enhance comprehension of a particular topic. Additionally, Google search engine provides an advanced search section that filter results according to different criteria:
images are rapidly displayed and easily collected, making data recovering effective.
We used the Google advanced search service, in order to filter images for the country of origin (Italy).
The search has been performed using the Italian acronym for genetically modified organisms (OGM) as keyword. We collected 517 images together with the URL link of the website in which they appear.
For the construction of the Scary Impact Index, we arranged a coding scheme that would capture the most relevant features of the image. It includes the attributes that could transfer messages of "scariness", or more in general that could provoke feelings of fear to the consumer. The complete list of attributes is listed in Table 1 .
TABLE 1 HERE
The presence of each scary attribute has code 1. Obviously each image could be characterized by more than one attribute. The SIIndex accounts for the total degree of scariness of each image, as the sum of the score for each attribute. Figure 1 shows some examples of image categorization, in order to clarify the construction of the index.
FIGURE 1 HERE
A set of dummy variables that further describe the images has been created ( A further purpose of the work deals with the identification of the possible factors that could affect the SIIndex. They concerns different aspects of the context in which image is included.
First of all, the order of appearance: through a serial ID number each image is classified according to its position in the Google result pages. This variable can reveals if the level of scariness follows or not a consistent pattern of distribution throughout the dataset, mainly considering that the first results are generally the most viewed by Google users. The reasons why an image occupies the first positions of the search results is beyond the purpose of this paper: the variable ID give some information about the level of public exposure to scary images that refers to GMOs.
Secondly, we considered sources, in order to understand the type of actors involved in producing information about GMO. We create dummy variables that classify the websites in which images appears: newspapers (both traditional and online), blogs, political, institutional or scientific websites, educational websites.
We also added the variable conspiracy since during the sources classification phase the presence of numerous websites concerning this issues (power of multinationals, secrets, UFOs, chemtrails) were identified. Furthermore, we create an additional dummy variable that identifies websites that focus on agri-food sector, regardless of the previous categories of source classification.
Finally, we built a variable that describes the overall viewpoint of the page in which image is included:
pro-GM, neutral or against GM.
TABLE 2 HERE
As SIIndex is an ordinal variable, we performed an ordered logistic regression (OLR). The second version of the index, SIIndex2, has the aim to stress the two most fearful variables, reference to war and to hazard/death, that receive a greater weight doubling their score.
Results and discussion
Description of the SIIndex
The 517 images collected from Google show a level of scariness that ranges from 0 (no scary attributes) to a maximum degree of 5 (Table 3) . Notably the 42% of results are images that have index 0, namely that do not convey any negative attributes toward GMO. These images are often neutral pictures that could have a simple descriptive function in completing the written text, and suggesting the reader that the web page presents an agricultural topic.
TABLE 3 HERE
Nevertheless the majority of images, almost 58%, are described by an index ≥1, indicating that the negative message that GMO images convey slightly prevails over positive or neutral information.
Frequency decreases as index grows, being the most frightful images with score 5 only 16 vs a set of 130 images scored 1.
Sources analysis
The interest in classifying the web sources arise from the necessity to outline the context of GMO related images. Moreover, online images concerning GMOs are often inserted in a web page that also include a written text that is supposed to be consistent with image: more favorable is the text, less scary will be the image. For this purpose, the classification of sources is integrated with the analysis of the global viewpoint of the web page in which images are found. Table 4 outlines that newspapers still preserve e predominant role in information. Almost half of the results derive from the traditional journalistic activity, mostly made of printed newspapers that in parallel offer an online version of their contents. Interestingly, the second type of source involved in GMO information are blogs (176 results), a category that includes a sort of "self-made" information, mainly managed by a single person or small groups of people, in absence of a structured editorial staff.
The pattern of GMO attitude of these two principal sources -newspapers and blogs-shows some remarkable differences. Though for newspapers No-GM contents strongly overpass the Pro-GM ones, the 45,2% of articles convey neutral information, as news reporting about the European Commission activity on genetically modified foods. On the contrary, Blog's information presents an evident orientation toward the opposition to GMOs (75%), following a pattern very similar to the "political"
category. As expected, the most favorable position is found in websites that provide scientific information (43,8%), while the opposite behavior is found for conspiracy theorists pages. More in general, the total distribution of the GMO's viewpoint show a light prevalence of No-GM contents (57%), in line with the results shown in Table2   TABLE 4 
HERE
Factors affecting the SIIndex
We performed two ordinal logistic regressions having SIindex and SIindex2 as dependent variables.
The independent variables refers to image position (ID), image attributes, sources and the global viewpoint of web pages.
One of the main results of this study is that the position of the image significantly affects SIIndex (Table 5) , and the sign of the relationship suggests that as ID grows, the index tends to decrease. In other words, the first results of the web searches contain the most scary images. Apart from the analysis of the mechanisms able to define the order of appearance of results, that go beyond the purpose of this work, the meaning of the relationship ID/SIIndex must be read in terms of exposure.
The dynamics of Web results consultation are characterized by the highest visibility for the first pages, while almost anyone will reach to consult the content of the least results. It follows that the majority of web users have access to a set of images that convey negative messages concerning GMOs. Then, exposition to scary images could be a factor that affects the negative perception of genetically modified organisms in Italy.
Considering the variables that describes the attributes of images it emerges that the role of GM free campaign is not significant. Three variables that refers to agricultural landscapes, laboratory, and infographics negatively affect the SIIndex, conveying almost neutral information about GMOs. Among them, the variable that shows the strongest relationships is Graph, confirming the prominent role of scientific production in supplying objective and unbiased information. On the contrary, the presence of images that refers to events, almost represented by conferences, has the effect to reinforce negative communication on GMOs. Finally, the regression using SIIndex2 (for which the categories "war" and "hazard/death" are doublecounted) shows consistent results for all the variables, except for Satire that turns to be significant and positive, probably because this type of visual communication frequently use elements of fear that refers to death or war, with the extent to reinforce the caricature of the topic.
Conclusions
The attempt of this work was to investigate visual communication concerning genetically modified organisms in Italy, and its potential role in influencing public perception. We decided to use Google as the world leader in web search engine, and collected 517 images filtered for Italy as Country of origin and OGM (GMO) as keyword. The categorization of results allowed the construction of an index that describes the degree of "scariness" of pictures, and then investigate the potential factors affecting it.
The descriptive analysis shows that the majority of images (58%) contain at least one scary element, and that they are inserted in web pages that convey in the 57% of cases a negative attitude toward GMOs.
Public exposure to GMO-related scary images is confirmed by the results of the OLR. Moreover, agrifood sector in Italy appears strongly oriented in offering a negative representation GMOs. We can assume that this could be partially due to interest in protecting the market of traditional/typical/local food products in Italy. Nevertheless, in line with McCluskey and Swinnen (2004) , we suggest that "Bad News Hypothesis" could also be applied to agri-food stakeholders that, driven by the need for profits, tends to support consumers' fears concerning GMOs. In future prospects, the work could extend the analysis in others EU Countries in order to make comparisons with Italian results. Significance at *p<0.05, **p<0.01, ***p<0.001
